This paper first compares results obtained by simulation of natural convection from a flat plate for different orientations with theoretical results, to understand simulation procedures. It further compares experiments and simulations of natural convective heat transfer from a cylinder for different orientations of the cylinder, to verify the accuracy of the simulation. Plausible reasons for the variances between the results obtained have been analyzed and presented and improvements in simulation procedures are explored.
INTRODUCTION
Natural convection occurs when fluid motion set up is due to buoyancy effects resulting from density difference caused due to a temperature difference in the fluid. Experimentation usually consumes a lot of resources and time. As an alternative to this, simulation is used as a method of analyzing problems. But there is always a disconnect between experimental results and results obtained by simulation. In order to further explore this disconnect, a case study of natural convection is selected to be analyzed using both methodologies.
Simulation Setup Details -Flat Plate
The flat plate which is 300mm x 300mm x 20mm is modeled. Simulation is carried out at three orientations: Vertical, horizontal and at a 45 o inclination. Natural convection from the plate is observed at four operating temperatures: 400K, 500K, 550K and 600K. Surrounding ambient temperature in all cases is set to be 300K.
Experimental Setup -Cylinder
The rig consists of a hollow cylinder (commercial oxidized copper) which is heated from the inside by an electric heater so that the outer surface gives out a uniform heat flux. The experiment was conducted for five orientations of the cylinder -horizontal, vertical and inclined at 30 o , 45 o and 60 o to the vertical. The heat input to the cylinder is varied by varying the voltage and current passing through a resistive element in the cylinder. The temperatures at specific points on the cylinder are measured through nine thermocouples embedded at equidistant points in the cylinder. This gives us nine data points for analysis per heat flux. Thus providing us with forty five data points per orientation upon taking five different heat flux inputs. This should give us sufficient data to obtain a correlation. However, in the case when the cylinder is horizontal, owing to the orientation, we can obtain only five data points i.e. one data point per heat input, since all the thermocouples read approximately the same temperature.
Some assumptions made during calculations were:
• Air is a perfect gas (β = 1/T) • There is no heat loss from the side faces of the cylinder.
• Emissivity of the cylinder is constant and is equal to 0.65 (commercial oxidized copper).
• External influences (like drafts of air in the room) are negligible. 
Simulation Setup -Cylinder
The simulation consists of two enclosures one inside the other as shown. The inner enclosure acts as the cylinder geometry. The outer enclosure serves as the atmosphere. The space in between that is meshed is the air. The size of the outer enclosure is taken to be sufficiently large in order to minimize internal flow effects. However, the iteration time due to a large mesh is a deterrent. We have thus taken an optimum size such that accuracy is not compromised and the iteration time is reasonable. The geometries for the cylinder and flat plate are similar and the difference lies in the setting of the thickness parameter on FLUENT. The flat plate has its third dimension as the thickness parameter whereas the cylinder has its thickness parameter set to an insignificant value -corresponding to a cross-section of the physical model.
Some considerations made during simulation:
• A density based solver was used. 
Methodology Employed

Experimental Procedure
The cylinder was aligned to the required orientation and the heat input was set. The setup was left undisturbed for two hours to let steady state natural convection to be established. Temperatures at the nine thermocouple locations were noted down. Nusselt and Rayleigh numbers were calculated for each junction. The experiment was repeated for different values of heat input. All the values of Nusselt and Rayleigh numbers are tabulated and their correlation is calculated by the method of least squares.
1.4.2
Simulation Procedure The setup was modeled as shown in Figure 2 , with the outer rectangle representing the enclosure and the inner rectangle representing the cylinder. The region between the cylinder and the enclosure (representing the air) was discretized into a fine mesh. Thermodynamic property values were entered as a piecewise linear approximation into the simulator. All boundary conditions were set as described in the Figure 2 . Solution was initialized and 3000 iterations were run. The different property contours, graphs and charts were recorded. The Nusselt and Rayleigh numbers were calculated from the simulation results and compared with experimental correlations, in order to verify accuracy of simulation. 
RESULTS
Flat Plate -Results and comparisons
Plate Inclined Vertically
Cylinder Inclined Horizontally
Since there were insufficient number of data points to form a correlation, Rayleigh numbers obtained by experimentation and simulation are directly compared with each other.
2.3
Cylinder -Comparisons 
Horizontal Comparisons
Cylinder
ANALYSIS OF RESULTS
As can be seen from the comparisons, the Nusselt numbers predicted by the correlation obtained by simulation is lower than their experimental counterpart, for all inclinations. This incongruity may be explained by the following reasons:  As can be seen from the contour plots, internal flow effects can never be fully eliminated.  Slight drafts of air in the experimental environment can cause variations. 
In the experimental setup, emissivity of the cylinder may not be constant all along the cylinder due to continuous usage. 
In the experimental setup, the end insulations might not be completely effective. 
In the experimental setup, heat is transferred from the heater at the center of the cylinder to the surface of the cylinder through conduction. The temperature drop because of this has not been accounted for in the simulations.  Radiative effects which have been considered in the experimental calculations have been eliminated in the simulation by assuming all the heat lost to be convective in nature.
Possible Solutions
In order to minimize the effect of the previously discussed disparities, the following solutions have been proposed.
In order to simulate natural convection perfectly, the air surrounding the cylinder must extend infinitely in all sides. This, however, is impossible. Increasing the size of the outer enclosure greatly increases computational time and requires a greater computational capability, in terms of hardware. Changing the outer enclosure type from a static wall (to moving wall, outflow, outlet-vent and pressure-outlet) yielded no positive results.
 Drafts of air. ANSYS Fluent has no option to include random, inevitable factors occurring in the experimental scenario such as drafts of air. These inevitable environmental factors cannot be ignored when dealing with simulations involving real-life projects. For example, in the structural analysis of a building, the building should be analyzed for gales and pulsating shockwaves due to an earthquake. By including an option to incorporate random environmental effects based on the type of simulation (Structural, Thermal, Electrical) ANSYS simulations will attain a new degree of realism.

Varying Emissivity. An option to include the varying emissivity of the cylinder might increase the accuracy of the results obtained.
Instead of setting the heat flux boundary condition to zero in the simulation set up, one can measure the surface temperature of the insulating material in the experimental set up and incorporate it accordingly in the simulation.
Temperature Drop due to Conduction. Conducting materials such as packed steel wool or copper powder is hard to model on Fluent. An option to account for this, by researching the temperature drop due to conduction across these materials, can be provided.
 Radiative Effects.
From among all the obtained correlations, the correlation with the highest deviation was found to be the one at 60 o to the vertical. After choosing this scenario for further analysis, two alternate simulation methodologies were experimented with.
Scenario 1:
Existing scenario, with radiative effects set to zero. Scenario 2: In the experimental setup, we find that temperature varies along the length of the cylinder. The implication being that, radiative losses also increase gradually from the lowest point to the highest point on the cylinder. In order to account for this, the walls of the cylinder were split into nine parts. And each part was assigned with its individual convective heat flux value, after deducting the estimated radiative losses. Tab. 4: Results yielded from three different radiation simulation scenarios.
As can be seen from the results shown above, the DTRM method is the most accurate for predicting heat transfer coefficient values. Hence a Nusselt number comparison will yield low deviations. However, Rayleigh number comparisons will not be contiguous, because temperature values are not comparable. Hence there is a need for a more effective method to incorporate radiative effects into simulations.
CONCLUSION
Accurate prediction of the behavior of real-life scenarios, using simulations is crucial since experimentation is not always feasible. By using natural convection as a case study, we have obtained insights into the crucial aspects about the methodology involved in simulation, thereby providing a ground for improvement in simulation techniques. 
